Abstract Copepod naupl~i, calanolds, cyclopolds and cladocerans (all Crustacea) were the maln prey of the larvae of southern bluefin Thunnus macco)w and albacore tuna T alalunga In the eastern Indlan Ocean, although the importance of each prey type differed between the 2 specles Cannibalism was found in post-flexion T m a c c o p Sklplack tuna K a t s u~v o n u s p e l a m~s larvae fed malnly on appendlcularlans and flsh larvae T maccoyij selected for copepod nauplli and corycaeids and a g a~n s t calanoids T alalunga selected for corycaelds and agalnst calano~ds K pelamjs selected for appendlcular~ans The 2 Thunnusspecies fed only by day, wlth peaks in feedlng In the early mornlng and late afternoon The gut evacuation tlme of T alalunga was e s l n~a t e d at ca 4 h Indexes of feedlng success ~n T maccoy11 were posihvely correlated with zooplankton bion~ass, whlch suggests food was lim~ted Estimates of the dally ratlon and abundance of larval tuna and the abundance of rnlcrozooplankton In the study area ~n d~c a t e that l a~v a l T m a c c o p can affect the abundance of thelr mlcrozooplankton prey
INTRODUCTION
The ability of a fish to find sufficient food inits early lifehistory stages can b e a major determinant of ~t s recruitment success (Hjort 1914 , May 1974 , Lasker 1975 . Therefore, knowledge of the feeding ecology of fish larvae is essential for understanding thew early life-history and recruitment variability. Much of the knowledge of larval feeding has, to date, been gained from larvae of temperate and subtropical f~s h specles (Hunter 1981) ; information on tropical larvae is scant (Jenkins et al. 1984 , Nishikawa 1975 , Uotani et al. 1981 , Schmitt 1986 ).
The diets of larval Thunnus maccoyii and other tuna species from the eastern Indian Ocean have been described by Uotani et al. (1981) . However, these workers sampled a large area (hundreds of lulometres) over long time periods (weeks to months), whereas smaller spatial and temporal scales are more relevant to the life-history of the larvae. For example, there is no lnformat~on on die1 cycles of feeding in these larvae. Nevertheless, they established that the diet of T. maccoyii and related species (including T. alalunga) consisted mainly of copepod nauplii, cyclopo~d copepods (Corycaeus spp.), calanoids (Clausocalanus spp.) and cladocerans (Evadne spp.), whereas larvae of other tuna species (Auxis spp. and Katsuwonus pelamis) fed primarily on appendicularians and cladocerans.
Inter-Research/Pnnted In F R Germany Recent work (e.g Cushing 1983 , Peterson & Ausubel 1984 , Jenkins 1987 has indicated that fish larvae are generally too few to affect the density of their prey populations. However, the surface waters of the eastern Indian Ocean are low in nutrients (Rochford 1962) , which could mean there are fewer prey suitable for larval fishes. Therefore, as larval tuna are at times very abundant in these waters (Davis & Clementson 1989) , they may be able to affect the abundance of their prey. If they do, not only intraspecific, or density-dependent, competition is likely, but also interspecific competition between CO-occurring species. As part of a larger study of factors affecting the distribution of tuna laivae in the eastern Indian Ocean (Davis & Clementson 1989) , larvae of Thunnus maccoyu, T. alalunga and Katsuwonus pelamis were collected for d i e t a~y analysis. In this paper we examine differences in their diets and feeding habits and examine their potential to reduce prey levels in the area.
MATERIALS AND METHODS
Collection of larvae and microzooplankton. Tuna larvae were collected from plankton tows made in an area of ca 300 km2 centred on 16'30' S , 1 15"501 E (Fig.  1 ) between 29 and 31 January 1987, during a study of the dstribution and abundance of larvae of Thunnus maccoyii in the eastern Indian Ocean (Davis & Clementson 1989) . The sampling procedure is described in more detail in Davis et al. (1990) . Concurrent surface and oblique tows (to the bottom of the mixed layer) were made by day and by night at positions randomly fixed within a 20 km radius of a drogued buoy. Surface and oblique tows were made with identical 70 cm ring nets, with 500 pm mesh aperture netting. Each net was equivalent to one side of a 70 cm bongo net. All nets were fitted with a General Oceanics flowmeter. The samples were stored in 9 5 % ethanol. The stomach contents of larvae of 3 species of tuna (Thunnus maccoyii, T. alalunga and Katsuwonus pelamis) were examined. Larvae were identified on pigment pattern using the criteria of Nishikawa (1985) and Nishikawa & Rimmer (1987) . As difficulties were encountered in separating some larvae of T. alalunga from the closely related T. albacares (see Richards et al. in press) we only examined larvae of sizes where mis-identification was unlikely.
Microzooplankton were collected in the study area ( Fig. 1 ) with a 100 pm mesh aperture drop net (Heron 1982) . Each 'drop' consisted of a cast from the surface through the mixed layer to a depth of 60 m. The samples were fixed in 5 % formaldehyde. An experiment to measure gut evacuation was set up on a later cruise to the study area in November 1987 (Fig. 1) . On this occasion, oblique tows to a depth of about 20 m, uslng a 70 cm bongo net with 500 pm mesh aperture netting, were made past a drogued buoy at half-hourly intervals from 15:OO to 22:OO h ( n = 14) on 22 November. Each tow lasted around 15 min. A 20 cm diameter 'pup' net (mesh aperture 50 pm) was hung within one side of the bongo net to collect microzooplankton.
Laboratory analysis. Larvae for analysis were measured in glycerine under a stereo-microscope. Standard length was measured from the tip of snout to the end of notochord in preflexion larvae, or to the hypural crease in post-flexion larvae (standard length [SL] + 0.005 mm). Mouth width was measured, on the ventral surface, as the width between the posterior edge of the maxillae (mouth width [mw] + 0.005 mm). However, mouth width measurements tended to vary with the state of preservation of the larva (see Table 2 ), therefore a further measure of mouth size, the distance along the maxillae (lower jaw length [ljl] k 0.005 mm). was taken. The stomach contents were teased from the stomach with 0.25 mm tungsten needles electrolytically sharpened for the purpose. The contents were identified to the lowest possible taxa, measured along the shortest and longest axes, and counted. Chlorozol Black E was added to the glycerine to aid identification of Crustacea. Stomach fullness (S) was estimated on a scale of 1 to 5 (1 = empty; 2 < half-full; 3 = half-full; 4 > half-full; 5 = full). The stage of digestion (d) was estimated on a scale of 1 to 3 (1 = digested; 2 = partially digested; 3 = contents intact).
The total zooplankton biomass in each oblique tow from the January 1987 cruise was estimated from settled and displacement volumes (see Omori & Ikeda 1984, p. 87) . The volume for each sample was standardised by dividing the volume of zooplankton by the volume of water filtered. Zooplankton biomass was expressed as m1 100 m-3. The numbers and dry weight of microzooplankton were assessed from the drop net samples in January 1987 and from the pup nets in November 1987. Each sample was divided in a Folsom splitter, with one half retained for estimation of biomass and the other for estimation of prey numbers. For estimation of biomass, each sample was filtered through a series of sieves of mesh aperture sizes 1000 pm, 333 blm and 100 Km Each fraction was retained on pre-weighed filter paper, dried at 70°C for 24 h, and weighed to an accuracy of & 10 ~i g , following Frank (1988) . For estimation of prey numbers, samples were initially filtered through a 1 mm screen to exclude zooplankters of a larger size than that eaten by the tunas (Young unpubl.). Five aliquots, each representing 1/40 of the total sample, were taken with a Stempel pipette (volume = 5 ml) from the resuspended samples, and from which microzooplankton were sorted and counted to the major prey groupings. Only taxa eaten by larval tuna were counted (Young unpubl.).
Data analysis. The stomach contents of larvae from different locations in the study area were examined (Fig.  1) . For the purpose of this study we assumed that the feeding characteristics of larvae from the different locations were directly comparable. The relative importance of prey items in the diet of each species of larval tuna was determined from the product of percent frequency of occurrence and percent number (Govoni et al. 1983) .
Dietary overlaps were measured with the Schoener Index (Schoener 1970) which, in this case, compared the relative proportions of prey numbers eaten by the 3 species of tuna larvae. This index ranges from 0 (no overlap) to 1 (complete overlap). Prey numbers were used, as the prey species differed little in size (Wallace 1981) .
Diet breadth was analysed using Levins' (1968) formula, B = (X p,2)-', where p, = proportion of a prey taxon in the diet. Values were standardised to fractions by Hespenheide's (1975) Method. Comparison was also made of prey sizes, using the logarithmic transformation of Pearre (1986) to assess differences between species in the width of their prey. Pearre's C Index (Eqs. 1 and 3, p. 914-915, Pearre 1982 ) was chosen to assess prey selection as it conforms to most of the requirements of the 'ideal' selectivity index (Lechowicz 1982) and statistically testable. To counter the Limitations imposed on the prey selection study by using different nets to capture predator and prey (Merrett & Roe 1974 , Angel 1977 , selectivity values were also calculated for larvae of Thunnus alalunga caught on the November cruise, when a pup net, hung inside the bongo net, was used to sample prey. In the 2 Thunnus species, indicators of feeding intensity (i.e. stomach fullness, state of digestion and number of prey) were examined with respect to time of day, using nonparametric ANOVA (Kruskal-Walhs Test [KW] , Zar 1984) , as the number of empty stomachs (zero values) in the data set was greater than 20 %.
Regression analysis was used to predict the gut evacuation rate and time (duration) in the larvae. A regression was fitted to prey numbers versus time, from the time of maximum feeding (just prior to dusk) to the time when all stomachs were empty. The daily ration of the Thunnus species was estimated with the formula (Eq. 9) of Elliot & Persson (1978) . This method combines the sum of food present at intervals during the day with the rate of digestion to estimate the total amount of food eaten per day. The mean number of prey per larvae was calculated for the Thunnus species for each 2 h interval from 08:OO h until stomachs were empty (22:OO h). Correlation coefficients were calculated for the relationship between zooplankton volume and indices of feeding.
RESULTS

Feeding incidence
The gut contents of 583 Thunnus maccoyij caught by day and by night were examined. The larvae ranged in size from 2.69 to 9.84 mm SL, although most were between 4 and 5 mm SL (Fig. 2) . In all, 38.8 % of the guts contained food. However, of the larvae caught in daylight (0G:OO to 18:OO h) 52.7 '10 had food in their stomachs. During daytime, the percentage of stomachs containing food (feeding incidence) was positively correlated with size of larvae in T. maccoyii (r2 = 0.91, p < 0.001). In T. alalunga, of 275 larvae examined ( Fig. 2 ), 44.7 % contained food (55 O/ O in daytime samples). Feeding incidence was also positively correlated with size of larvae in daytime samples (r2 = 0.71, p < 0.05).
Fewer larvae of Katsu wonus pelamis were available for examination ( Fig. 2 , n = 61). Of these, 30.8 % contained food (41.5 % contained food in daytime samples). During the gut evacuation experiment a similar number of K. pelamis were taken (n = 54), but only 4 larvae contained food (7.4 %).
Diet breadth
Overall diet and dietary overlap pelamis fed mainly on appendicularians and fish larvae. Accordingly, its diet overlapped very little with In Thunnus maccoyii the main prey items, in order of those of T. maccoyii and T, alalunga (a = 0.20 and 0.15 importance, were calanoid copepods (mainly Claurespectively). socalanus furcatus and Paracalanus spp., although the condition of many calanoids made identification difficult), cyclopoid copepods (Corycaeus spp., Farranula gibbula), copepod nauplii and the cladoceran Evadne tergesina ( Table 1) . Fish larvae were important in the In Thunnus maccoyii diet breadth was least in fish diets of the few post-flexion larvae examined. Although less than 4.75 mm in length (Fig. 3a) . Copepod nauplii the overall diet of T. alalunga was similar to that of T.
were the main food of these larvae (Table 1 ). Diet maccoyii (Schoener's Index, a , = OS?), cyclopoids breadth increased in larger-sized larvae with the intro-(Corycaeus spp, and Farranula gibbula), followed by duction of other prey taxa into their diet. Conversely, in copepod nauplii, were the main prey items. Calanoids T. alalunga diet breadth was greatest in larvae less and cladocerans were taken less frequently. The relathan 5.5 mm (Fig. 3a) , due to the presence of nauplii, tive proportions of prey eaten by the 2 Thunnus species copepod eggs and corycaeids (mainly Farranula gibdid not differ significantly with size (a = 0.53 for larvae bula). Diet breadth decreased with size in T. alalunga, 5 4.5 mm; a = 0.58 for larvae > 4 . 5 mm). Katsuwonus because the diet was increasingly dominated by cory- (Fig.  3b) . However, the greater breadth in the diet of larger 7 maccoyii is reflected in the greater standard deviations of prey widths about the mean than in similarslzed T. alalunga.
Relationship between mouth size and fish length
Mouth width was significantly correlated with standard length in all 3 species, although a closer relationship was found between lower jaw length and standard length (Table 2) . Mouth width also correlated with lower jaw length. The slopes of the regression lines of lower jaw length versus standard length for the 3 species were significantly different from each other (ANCOVA, p = 0.034), and so a statistical comparison of lower law length with respect to size could not be made. However, for larvae of the same length, lower jaw length was largest in Katsuwonus pelamis and smallest in Thunnus alalunga (Fig. 4 ) .
Changes in diet with size
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Calanoids constituted a third or less of the diets of all sizes. It was not possible to measure prey width in Katsuwonus pelamis, as the main dietary component of this species, Appendiculana, consists of gelatinous zooplankters that become distorted in the stomach. However, the presence of fish larvae in the gut contents of larger individuals indicated an ontogenetic shift in diet (Fig. 5) .
Numbers of prey
In Thunnus maccoyii the number of prey Items per stomach ranged from 0 to 6 but did not differ with increasing size (Fig. 6 ) which indicates selection for larger (wider) prey types rather than for increased numbers of the same prey. In T. alalunga the numbers of prey per stomach ranged from 0 to 34. Numbers of prey eaten were positively correlated with standard length in T. alalunga (r2 = 0.17, df = 146, p < 0.001) (Fig. 6 ), reflecting that, within the size range examined, T. alalunga selected for increasing numbers of the same prey (mainly corycaeids), rather than eating larger prey types. Stomach contents were not enumerated in larval Katsuwonus pelamis because of rapid digestion of appendicularians, their main prey. 
Prey selection
In the drop net samples, the total numbers of the microzooplankton taxa preyed on by the tunas ranged from 239 to 883 mP3 ( Table 3) . As both the relative proportions and the overall abundances of the microzooplankton sampled were patchy, selectivity indices . -.
were calculated separately for each sample. Consistent (Table 4) . A slmilar pattern was observed in larvae rnaccoyii were caught in the November cruise to examine prey selection in this species further (see Table 6 ).
In both size classes of Thunnus alalunga, selectivity for copepod nauplii varied between samples in January and was not significant in November indicating little or no selection for this taxa (Table 4 ). In contrast, there was positive selection for corycaeids (mainly Farranula spp.) in both size classes. This result was supported from the pup net samples taken in November (Table 4) . The very high selection values for corycaeids is mirrored by their dominance in the diet of T. alalunga (Table 1) . Larvae of T. alalunga selected against calanoids in all the comparisons made, particularly in fish 5 5 mm. The small number of Katsuwonus pelamis limited analysis of prey selection. However, significant prey selection for appendicularians was obvious in all comparisons made (Table 4) . As the proportion of fish larvae in the diet was much higher than that in the environment, it is likely that K. pelamis is also selecting for fish larvae. Very few crustacea were found in the stomachs of K. pelamis, indicating selection against these taxa.
Diurnal feeding pattern cant differences in stomach fullness and numbers of prey eaten (Table 5 ). No significant difference was found In the state of digestion. Nonparametric multiple comparisons of stomach fullness and numbers of prey eaten between different times of day showed that feeding peaked after sunrise and in the midafternoon and dropped at mid-morning (Dunn test, p < 0.001) (Fig. 7) .
Thunnus alalunga also fed only in the daylight hours (Fig. 7) , although there was no significant difference in any of the feeding indices between different times of the day (Table 5 ) during January 1987. However, as the pattern of feeding was very similar to that in T. maccoyii (Fig. ?) , the lack of significance may be the result of a smaller sample size. Evidence of increased feeding at dusk was found in November 1987 during the gut evacuation experiment. Feeding was also confined to daylight in Katsuwonus pelamis, but the lack of specimens and the low incidence of feeding limited further analysis.
Gut evacuation and feeding rate
Thunnus rnaccoyii fed only in daylight (Fig. 7 ) .
Very few Thunnus maccoyii were taken in the gut Within these hours (08:OO to 19:30 h) there were signifievacuation experiment in November 1987 (n = 25), and the stomachs of only 12 of these contained food (Table  6 ). However, sufficient numbers of T. alalunga containing food were taken to enable us to determine the rate of digestion in this species. Stomach fullness values rose to a maximum between 18:00 and 19:30 h, indlcating peak feeding at this time. Regression of number of prey in individual stomachs against time after the time of peak feeding (18:30 h) indicated that evacuation was completed by ca 22:OO h (Fig. 8) giving a gut evacuation time of between 3 and 4 h, at a water temperature Digesr~on rime (hours) Fig. 8 . T h u n n u s alalunga. Reduction in log-transformed prey numbers of larvae sampled from sunset (18:30 h , equivalent to 0 h on X -a x~s ) to 23:OO h d u r~n g gut evacuation experiment. Spokewheel pattern on some points refers to number of overlapping points
Daily ration
The daily ration of Thunnus maccoyii was estimated, using the gut evacuation rate estimated for T. alalunga, at 10.1 + 2.7 (95 O/O CL) prey larva-' d-l, for all size classes combined. Using the conversions of prey size to dry weight for copepods given by Economou (1987) and our own unpublished data, the amount eaten was calculated to be ca 50 ( + 15) pg dry wt larva-' d-l. We calculated the relationship between standard length and dry weight for T. maccoyii in our samples (Fig. g ), and for a larva of 4.5 mm SL (150 pg dry wt) daily food consumption is ca 3 0 % of body weight. The daily ration of 7. alalunga was estimated at 7.7 ? 2.6 (95 % CL) prey larva-' d-l (39 [f 121 big dry wt larva-' d-l), or ca 25 O/O of body weight.
Relationship of feeding to biomass of zooplankton
In Thunnus maccoyii there was a positive relationship between zooplankton settled volume (biomass) and both stomach fullness (r = 0.72, p < 0.001) and % positive stomachs (r = 0.63, p < 0.005) (Fig. 10) . Similar Slandard length mm Fig. 9 . T h u n n u s n~accoyii. Relationship between standard length and dry body w e~g h t of larvae relationships were found between displacement volume and the above feeding indices (stomach fullness r = 0.60, p < 0.01; % positive stomachs r = 0.54, p. < 0.05).
DISCUSSION
Feeding incidence
Less than half the larvae examined had food in their stomachs, and this proportion increased in larvae less than 5 mm SL. Such low feeding levels are common in seacaught larvae (Berner 1959 , May 1974 and have previously been reported for oceanic larval scombrids (Nishikawa 1975 ). The high incidence of feeding found in larval Scomberomorus spp. by Jenkins et al. (1984) is an exception, but as these are inshore species, this may be because food is more plentiful. Although the levels found in the present study could have been an artefact of sampling -the larvae may regurgitate their food on capture (Last 1980 ) -the low feeding incidence was clearly related to food availability, as feeding incidence was closely correlated with food density.
Low feeding incidence was most noticeable in Katsuwonus pelamis, and was similar to that found by CO-occurring species of larval flounder Clearly the greatest difference in feeding (e.g diet overlap, prey selectiv~ty) was found between the 2 Thunnus species and Katsuwonus pelamis. Differences in diet may be related to mouth size, as relative mouth size increases from T. alalunga to T. maccoyii and finally to K. pelamis (Fig. 4) . This is supported by the fact that prey size (width) is closely correlated with mouth width in all 3 species.
Prey selection
Zoo~lankton settled volume m1 100 m-3 Fig. 10 . Thunnus maccoyii. Relationship of zooplankton settled volume to mean larval stomach fullness and to % pos~t~ve stomachs (% positive stomachs calculated as the proportion of stomachs containing food at each station; each point represents at least 20 larvae) Nishikawa (1975) in an earlier study of the same species. He suggested it may be related to the simple (straight) gut of the larvae, as food is more easily regurgitated by such larvae than by larvae with looped guts (Arthur 1976) . However, rapid digestion of softbodied appendicularians, which are the major component of the diet of this species, may have been a contributing factor. Last (1980) found a similarly low feeding incidence in larval flounder Arnoglossuss sp., which also feeds on appendicularians.
Diet overlap
Although the diets of the 2 Thunnus species overlapped, the relative proportions of prey items differed. The clear progression in Thunnus maccoyii from smaller (nauplii) to larger prey taxa (calanoids) with increasing size is consistent with the diets of most marine larvae (Hunter 1981) . However, in T. alalunga, as the larvae grow their diet is increasingly dominated by corycaeids, which resulted in less prey overlap between the 2 species. This is similar to the divergence in prey with size found by Jenkins (1987) in 2 The pooling of larvae collected over a relatively large area in relation to the much smaller area over which a larva feeds limits the analysis of prey selection. However, as Govoni et al. (1986a) argued, it is important to get enough larvae containing prey to produce a reliable result. By comparing larval diets with discrete microzooplankton samples from different areas of the study area we hoped to avoid the effects of pooling data. The approach would appear to be valid as the selectivity values obtained were very similar at a number of stations. That we found very similar results on a later cruise (November 1987) using more discrete sampling methods adds further support. Uotani et al. (1981) compared prey selectivity of larval tunas taken from a wide geographic range (total area = 90 000 km2) and found results very similar to the present study. For example, they found that Thunnus maccoyii and T. alalunga selected for Corycaeus spp. and that Katsuwonus pelamis selected for appendiculanans. Similarly, they found that all 3 species selected against calanoids. They, like us, also found that T. alalunga, and in some areas T. maccoyii, selected against copepod nauplii. This contr~sts to selectivity studies of other larvae (Lasker 1981) , including scombrids (Peterson & Ausubel 1984) , where selection for copepod nauplii has neen noted.
Diurnal feeding
Feeding was confined to daylight hours in all 3 species, which is characteristic of most (see Hunter 1981) , but not all, larval fish examined to date (e.g. Arthur 1976 , Sumida & Moser 1980 , Jenkins 1987 . In the 2 Thunnus species, feeding peaked in the morning and again in the afternoon. Last (1978a Last ( , b, 1980 found similar patterns of feeding in a number of fish larvae in the North Sea, although he found a steady increase in stomach fullness (after an initial burst at sunrise) throughout the day in these fish, with a late feeding peak near sunset. The present study found a decline in stomach fullness in the middle of the day.
However, this decline may be related to faster rates Food limitation and predatory impact of digestion in the tuna, because of warmer sea tempera ture (Laurence 197 l ) , rather than to different Recent studies have indicated that inter-and intrafeeding patterns.
specific competition in larval fish may b e generally low, as larval fish are generally too few to affect the abundance of their prey (e.g. Cushing 1983, Jenkins Digestion and daily ration 1987). Peterson & Ausubel (1984) calculated that mackerel larvae Scomber scornbrus were not suffiDigestion in larval fishes generally takes between 1 and 4 h (Govoni et al. 1982 , Fossum 1983 , Jenkins 1987 , although longer times have been reported (Theilacker & Dorsey 1980) . For example, Bay anchovy Anchoa mitchilli defecated within mlnutes after eating (Chitty 1981) , whereas larvae of Atlantic menhaden Brevoortia patronus and spot Leiostomus xanthurus began defecating 1 to 2 h after eating (Govoni et al. 198613) . The age of larvae, prey type, prey size, and water temperature (see reviews in Govoni et al. 1986b , Theilacker & Dorsey 1980 can affect the speed of digestion. In the present study we found that gut evacuation took 3 to 4 h in Thunnus alalunga, which may be the same in T. maccoyii, as their morphology and prey are similar. This time is about half that estimated by Hunter & Kimbrell (1980) for the scombrid Scomber japonicus. However, this may be because S. japonicus larvae live in cooler waters ( l g°C in their study).
Peterson & Ausubel (1984) calculated the daily ration of Scornber scornbrus as between 17.7 (for a 3.75 mm SL larvae) and 87.6 (for a 5.75 mm SL larvae) pg dry wt larva-' d-l, or between ca 25 and 50 % of larval body weight d-l, which is similar to that found for Thunnus maccoyii in the present study . Hunter & Kimbrell (1980) reported a higher consumption (87 % ) for Scomber japonicus but this figure was from larvae reared in aquaria where food was plentiful.
Niche separation
During the daytime more Thunnus alalunga (68 % of total sample) were found in the surface 2 m than in deeper waters; only 19 % of T. maccoyii and no Katsuwonus pelamis were found at the surface during the day (Davis et al. 1990 ). These 3 species appear to be separated spatially in the water column during the daytime when they feed. Differences in their diets, such as in diet breadth and prey selection, also indicate separation in their feeding h a b~t s . Govoni et al. (1983) found spatial separation and partitioning of food resources in the larvae of 3 CO-occurring fish species in the Gulf of Mexico and suggested that this 'may be a behavioural adaptation that mitigates periods of low food supply ' (p. 197) . ciently abundant to have an impact on the zooplankton. In the present study, however, we found evidence to suggest that larvae of Thunnus maccoyii can affect the abundance of their prey. The biomass of microzooplankton was an order of magnitude less than that found in other open-ocean studies (Hunter 1981) . In contrast, larval fish densities were high in the study area (Davis & Clementson in press). Davis (unpubl.) calculated the average density of T. maccoyii in the study area at 0.29 larvae m-3 (range 0 to 2.52 larvae mP3). Microzooplankton densities were variable (Table  3 ) ; however, using minimum and maximum densities of preferred prey (see Table 4 ) , and estimates of daily ration, an assessment of the impact of larval T , rnaccoyii on prey stocks can be made. Each larval T , maccoyii can consume ca 10 microzooplankton prey d-' which is, on average, 2.9 microzooplankton m-3 d-l, or using data from Tables 1 and 3, ca 3 to 5 O/O of the cyclopoid population (or ca 1 to 15 % of copepod nauplii). Bollens (1988) argued that population parameters (e.g. reproduction, mortality) of prey species, which are not included in our calculations, should b e considered. Nevertheless, the removal rates reported here are similar to (or higher than) those reported for other 'predator' species -0.5 to 3.5 O/ O removal rates by predatory zooplankton have been shown to limit copepod prey populations (Ohman 1986 ). These larvae may, therefore, have an impact on prey densities. Cushing (1983) proposed that prey mortality increases as larval fish approach 'the age of metamorphosis', because of the increased hunting skills of the developing larvae, to an extent that it may generate densitydependent growth. We suggest that it is possible that such density-dependence can occur earlier in the larval stage in populations of T. rnaccoyii.
